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DITCHING INVESTIGATION OF A ^-SCAIE MODEL OF THE 


BOEING STRATOGRUISER AIRPLANE (C-97) 


By Lloyd J. Fisher and John 0 . Windham 


SUMMARI 


. An Investigation of a -i- — scale dynamically slmdlar model ctf the. 

Boeing Stratocruiser ali^lane (C— 97) vas made to deteimlne the ditching 
characteristics' and proper techniq^ue for ditching the aii^lahe. Scale- 
strength hottems vere used to determine probable damage to the fuselage 
and the effect of damage on behavior. , . 


The behavior of the model vas determined from visual observations, 
motion— picture-records, and time— histoi^ deceleration records. Data 
are. presented in a table, photographs, and curves. 


It vas concluded that the a l37p lane should be ditched at a medium 
nOseN-high landing attitude (near 6*^) with landing flaps full down. The 
airplane . villi probably make a smooth run of medium depth vith light : 
spray and may even trim up slightly' in the vat er. The fuselage vill 
probably be damaged and the lover compartment f illed vith vater. In 
calm vat er, the maximum longitudinal deceieratlon, vill be about 4g and 
the landing run vill be about four fuselage lengths. 


INTRODUCTION 


At the req_uest of the Civil Aeronautics Administration, an investi— 
model' of , the.vBceing.^-,St^ vas made to 

deteimine the probable ditching characteristics' and j)rOper 'techni^lte ' ' 
for ditching the airplane. The.model vas designed so that either a 
relatively rigid or an approximately scale^^trength bottom half of the 
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fuselage could: 'be used. !Dhe 
langley taiik no. 2 monorail i 
shown in figure 1. 


tests were made in calm water at the 
A three— view drawing ' of the airplane is 


APPARATUS AMD PROCEDURE 
Description of MSdel 


The scale model had a wing span a fuselage 

length' of 5 *52 feet , and a gross weight of 16.25 

of the model aa;*e shown in f igurs 2 . The model was consitl^cted prlrt- 
cipally of halsa wood with, spruce or mahogany at areae’^of concentrated 
etresa . : jnterffll. hallast was used to obtain scales w^ig^ and maaents 
of, inertia^''''; - ' 

The landli^ flaps were installed so that they': C^<^ 
the down; posltian a^^^ approximately scale Stfeh^fc^^^ for: an 

estimated of 225 Ib/sg ft, full sdhle)-;^^^^^^^^^ 

thread was fastened between a wing bracket and a corresponding flap 
biacket so that loads: on the flaps greater than the scale design load 
would cause the thread to break aiid the flaps to be free 

The model >®s co^ so that the bottom half of the fuselage 

(below the crease line) could be replaced by sections of varies 
strengths. Both relatively rigid and approximately scale-strength 
sections were employed. The relatively rigid sections simulated a 
no-^damage condit The ultimate strength of ihe bottcm of the 
fuselage was not inown; therefore, bottom sections of two different 
scale strengths were Used i: The scale-stf ength bottoms were designed 
and tested to fail under tuiiformly distributed loads of 8 and 16 pounds 
per sq.ua.re inch (fu^ These strength values enccn^ss those 

of slMlar ccramercial t aii^lanes previously tested aiid the^ 

strength required fen* internal pressurization of this airplane. The 
scale— strength sections were used to deteimine the amount of damage 
that would occur in a ditching and the effect of damage on behavior. 

The scale— strength bottoms were made of balsa stringers, cardboard . 
bulkheads, and 0.001— inch aluminum foir skin. One of these bottoms 
is shonm iristalled on the model in figure 3* Eallure of the main 
landing— gear doors ms simulated by removing them. 




Test Methods- and Eq^uipment 


The test methods and eq^ulpmeht . used were similar to those used in 
previous ditching investigations. The model was attached to a launching 
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carriage oa the Langley tank no. 2 monorail at the desired landing: 
attitude with the control siirfaces set to hold this lattltude ^ i^ 

The model was then catai)ulted into the air and the preset controi 
surfaces . kept" the model at approximately the. deslred_a.t,titude during 
the glide frcol release to landing. ; - 

The results of the Invest lotion were .ohtaiiied from 
ohservationsj," motionr-pict records j, and ^tim^hlst^i^ 

records . Tlie decelerations were measured with a single-Kjampcnerit 
accelerometer located in the model slightly "the center of 

gravity of the model . The natural ; freq.uency of the ac c eler onet er ' ; 
was 20 cycles per second and it tas d^^ ahput 65 percent the 

critical danqoi^. The accuracy with, which the instrument could he 

read was estimated at about ±|g. v';. ■ 


■ ^ ■ Test Conditions 

Ail vaiues giyen refer to the full— scale ai^lane . 

. GrosS;- weight A. gross weight of . 130,000 pounds was ' s i mulated in 
the tests. " ^ \ 

Location of the center of gravity .— The center of gravity was . 

located at 25 percent of the mean aerodynamic chord and 9 inches ahove 
the thnist line of the inhpard engines. 

landing' attitude , Ditchings were made at three .landi]^ attitudes; 
3^ (n^r static) i ;6° (ihterioed^ lifi>-curye stall) .. 

Landiiig gear-V— The^ tests simulated ditchlj^s .‘v^th landing gear 

retracted. ^ :• '' ■'t-i.-V-.v \ ■ . . 

5’iaps.— ihihdi^ were tested at both fuli-^ip and. full-down 

positions . They were rigidly attached for the fiili-up position and 
attached ‘.at scdle stren^h for the full— down- position. 

^ Landing- sppbd'.— ,The’ landing speeds are listed in table I. They ; 

; are the speed;B cemputed from power-off lift curves furnished by the 
manufacturer. ^ ■■ ^ 




a. 

1 ^." 




EESUIffS AHE) DISCUSSION 


A summary of tha results of the irivestlgatlori is presented in , 
table I. The symbols used in the table are defined as follows: - ^ 

b ran deeply — a; run in which the model traveled through tlw , 

water partially submerged showing a tendency to dive 
although the attitude remained near level. 

h ran smoothly — a run in which there was nb . apparent oscillation 

about any axis with a settling mot ibh as thb forward speed. 

V^; 

p porpoised slightly,— the model undulated about the lateral 

axis With sctne part always in contact with the water. 

r oscillated — the model oscillated about the longitudinal axis. 

This motion decreased as the forward speed decreased. 

, u trliped up;;.l^ attitude of the model, increased ^ 

: contact with, t^ water* -- 

: Typical damage sustained by the scale— strength bbttOBiis is shown in 

figures k and 5 . Figures 6, 7> 8 present, longitudinal-deceleration 

curves as influenced by damage, flap settings, and landing attitude - 
.Figure 7 also presents attitude, horizontal— displacement, and vertical- 
displacement curves. Seq_uence photographs , of ditchings at various 
attitudes are' shown in figure 9» 


Effect of Damage 

The curvature of the aft portion of the fuselage bottom (see 
figs. 1 and 2 (b)) caused a suction force in that area on the undamaged 

horizontal tail under water and subjected 
it to considerable damage. HOweveF^*"'^%^Sis’’ dima'ge ^ on- 

behavior .Of the models The model always trimmed up upon landing and 
made a run of about 4 to 7 fuselage lengths depending on the landing 
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speed. (See taTple I and fig 7.) The mxljiiuiii decelemtloais recorded 
were 2g with flaps down and 3g with flaps up. 

' ' " ' nidd&i"^ a scale-strength hott cm, some 

damage always occurred. Generally, .’bottan damage caused' the landing 
runs to he shoirfcer and the deceleratiorvs to he greater than for 
similar conditions without damage, and the tendency of the mod 
trim up in the water was reduced when hottcm damage occiirred. " (See 
table I aiid fig. 7. ) ' "The landing, run in calm water were between 3 
and if fuselage len^ha with/mxlmUm de^^^ about ifg wheii;.- : : 

damage occurred. Generally, the- laodel made v a ntedi-i^^^ 

depth in the water. (See fig. 7 - ) -A-s can be seen iii f ig^e t 
spray was light in these ditchings ; There was not a great deal of 
difference in the ampuat of damage occurring on the ^ and l 6 -pound-' 
per-eq,uare— inch bottcms. (See. figs. ^ £^nd 5..) 

These results indicate that in a ditching the fuselage of 
ali^lane will probably be damaged, and the lower ccnipartment filled 
with Pa,esengers and crew ahpuld, if possible, be assigned 

stations :'in the. upper cccg)artment ' prior to. ditching. . The buoyancy . 
provided by the low .wing should cause this airplane to float fairly 
'high in the-^;mter.' ^ ^ 


Effect -of :Flaph ^ 

. : ,Vnaen the ,m.odel was tested with full— down flaps, the flaps failed 
consistently and; had' np .detrimental effect on behavior. ; Since full- 
down flaps make possible a substantial- decrease Ih foiwai^ spead 
thus lessening the - posBibillty^^^^^^^ it is best ;t% 

.the' flaps-, be ■fuiiydowh-' in-^ dito.tihg 


■ ’ Effect of. landing Attitude . V, 

The ef f ect;’r;df landing: attitude was most apparent in the amount of 
- damage to the soale^treh^h biott ecus (See figs . 4 and 5 . ) The 
greateift dajinagh ^curred.^^ probably .be, cause- of th©,. . . 

higheirtja IiOngitudinal deceledati^c^ 

at all 


' .Since the most; da 2 iage> in the 3^' landings, a low; attitude 

^ should be avoided . The tests indicated, very little difference in: 

; better ,:flig a ;medlTm:.hose^hlgh (near 6: ) would : 

. pi'ota'^^ t ditching ■than a near-4tall attitMe.;^^,^; 
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CONCnJBIONS 


investi^tion of a ——scale dynamically 

similar model of the Boeing Stratocruiser airplane (C-97) the following 
conclusions may he drawn; , 

1. The airplane should be ditched at a medium nose-high landing 
attitude (near 6°) with flaps full. down. 

2 . The airplane will probably make a smooth run of medium depth 
with light spray, aM may even trim up slightly in the water. 

3. The fuselage will probably be damaged and the lower ccmpartment 
filled with water. 

t-o When the airplane is ditched as reconmeiided^ the maximum 
longitudinal deceleration in calm water will be about 4 g and the landing 
run will be about four fuselage lengths. 
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■iTABIEI 

SDMMAET OF HESUIflB OF DIECHUIG IKVliariQATION IB CAIM VATEE OF 
A:^-SCAIE MOnm of the BOEIBG SmTOCSOISEH airpiakb 

joroBB volgjit, 130,000 lb; all vaiueB are full acal^ 
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(a) Front vlev. 

Figuro 2.-' Model of tlie Boeing -Stratocruiser. 


NACA RM SL9I16 



Figure 2.- Continued 





(c) Three-quarter 
Figure 2.- Ci 


L-56809 





Figure 3.- Model wltli scale- Btrength 'bottom installed. Insert shoys structure of scale- 

strength "bottom. 
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(a) 9^ attitude. 


(t) 6° attitude. 


(c) 3° attitude. 


, j aoi.iT>uae. ^ ^2l2lj. 

Figure i|-.- Damage sustained ty a^tottom scale strength of 8 pounds per sqitoe inch (ftiU scale) at 

varies landing attitudes with flaps full down. , scaxe; at 
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(a) ; 9^ attitude. 


(b) 6^ attitude . 


(c) 3° attitude. l»52125 


Figure 5.- Damage sustained by a bottom scale strengtb of l6 pounds per square inch (full se^p) at 

various landing attitudes with flaps full down. 
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Longitudinal 
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Time^ sec 


(a) No siinulate^ dam 


■ , Time, sec 

(b) Scale- strength bottom (8 psl) Installed, and main 


Time/ sec 


(c) Sc ale -strength bottom (l6 psi) installed and main 
landing-gear doors removed. 

Figure 8.- Longitudinal-deceleration curves landing attitude is 3^5 

are full dovn; landing speed is 126 miles per hour. (All values etre 
full scale . ) 
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■A-;' 



iNelyp coanrt?ttcM 



1320^ feeti 



386 feet ’ 



(a) Landing attitude 9°» 


L-62126 


Figure 9*- Sequence photographs with 16 pounds per square inch scale - 
strength bottoms installed and flaps full down. (All values are 
full scale.) Distances after contact indicated. 





Near contact 




feet 


(b) Landing attitude 6 . Xj-^2127 

Figure 9*“ Continued. 




Near contact 







160 feet 



I476 feet 


(c) Landing attitude 3®. 
Figure 9 .- Concluded. 




